Automated external defibrillators (AEDs) for public use are becoming increasingly prevalent, but little is known about utilisation. The purpose of this study was to compare the locations of out-of-hospital cardiac arrests (OHCAs) to the locations of AEDs to determine whether missed opportunities exist.
Introduction
Each year in the United States (US), an estimated 326,200 people experience cardiac arrest unexpectedly (outside a hospital) with an 88% mortality rate (1, 2) . When a person enters cardiac arrest, bystanders can start cardiopulmonary resuscitation (CPR) and apply an automated external defibrillator (AED) to that person. The American Heart Association's out-of-hospital cardiac arrest (OHCA) 'chain of survival' emphasises early CPR and early defibrillation (3) (4) (5) (6) (7) (8) . The chance of survival decreases by 10% per minute without CPR and defibrillation (9) (10) (11) . However, high quality CPR and the use of an AED can mitigate this decrease to 4% per minute (12, 13) . In the few cities around the world that combine an active citizen CPR training program with coordinated access to AEDs, witnessed OHCA survival rates reach as high as 50% (3, 4) .
In recent years, public AEDs have increased in prevalence for timely use by the public (14) (15) (16) (17) . These public access defibrillation (PAD) programs have a potential to increase survival for patients suffering from OHCA, saving nearly 500 lives annually in the US and Canada, in a safe and cost-effective manner (8, (18) (19) (20) (21) (22) (23) (24) . However, the life-saving capability of these devices is limited if the public does not know what AEDs are, where they are located, or if the AEDs are inaccessible (25) . If EMS centres had knowledge of AED locations, then bystanders could be directed to the nearest AED for use during an OHCA (26, 27) . Conversely, knowledge of historical OHCA locations can guide the placement of AEDs in the community based on 'high risk' locations (16, (28) (29) (30) (31) . While the majority of OHCAs occur in private residences, locations with high population density (eg. apartment complexes, nursing homes) and locations with high traffic (eg. shopping malls, sports facilities, public transportation stations) may be public sites of primary importance for AED placement (16, 32, 33) . In areas with longer EMS response times, PAD programs may provide the first available attempt at defibrillation (12) . Simply cataloguing and mapping the locations of AEDs with EMS call centres and relaying this information to bystanders may result in more rapid and frequent deployment of AEDs (26, 27, 34) .
The primary aim of this study was to determine whether there are missed opportunities of PAD deployment, which we defined as an OHCA in which an AED was within 100 metres but not utilised. Knowing whether public AEDs are underutilised will emphasise future targeted efforts to improve PAD programs and integrate those programs into the EMS infrastructure in the US.
Methods

Study design
This retrospective observational cohort study of OHCA and associated survey of AED locations was performed via review of patient data abstracted from existing EMS patient care reports (PCRs), hospital medical records and via phone survey of local businesses. In addition, the University of North Carolina Department of Environment, Health and Safety's AED database of the university's campus was used. The study protocol was reviewed and approved by the University of North Carolina Institutional Review Board.
Study setting and population
Orange County is a suburban/rural county located in central North Carolina, with an area of 397 square miles and a 2010 US Census population of 133,801. The county encompasses the towns of Chapel Hill, Carrboro, Hillsborough and parts of Mebane and Durham. Approximately 37.7% of people live outside city limits throughout the county. The Orange County Emergency Medical Services (OCEMS) system is comprised one county-based EMS ambulance service supplemented by four municipal and eight volunteer fire departments, and a technical rescue team. The OCEMS is an advanced life support system, sending at least one ambulance staffed by at least one paramedic to every EMS call for service. Fire departments are trained at the emergency medical responder level, with the exception being Carrboro Fire Department at the emergency medical technical level. In the 2009-2010 fiscal year (1 July to 30 June), OCEMS received 11,239 calls for service and transported 7944 patients to area hospitals. The agency also serves as the dispatch centre, where emergency telecommunicators utilise medical priority dispatch systems for their dispatch protocols. There are at least 100 OHCAs per year of which half have resuscitation initiated by OCEMS. The rest meet criteria for not initiating resuscitation such as rigor mortis or obvious death (unpublished data, Brice, 2010).
Finding missed opportunities
We followed a two-step process to determine missed opportunities of PAD use in OHCA. In the first step all PCRs from 2005-2010 from OCEMS were reviewed. Inclusion criteria were any PCR categorised as an OHCA by responding EMS providers and in which resuscitation was attempted by the agency. The addresses of all OHCAs were tabulated and mapped with ArcGIS 9.3 software (35) . For PCRs that did not have a specific incident address, Google Maps was used to identify the nearest available address. For example, an OHCA that occurred in the middle of a park would use the park's numerical address. Geographic data were provided by the Orange County Division of GIS in order to develop a map with the superimposed OHCAs across Orange County in the time period.
The second step involved mapping nearby AEDs. Using ArcGIS, a 100-metre buffer zone around each OHCA address was mapped (Figures 1 and 2 ). This distance was chosen based on previous research and American Heart Association guidelines (32, (36) (37) (38) (39) (40) (41) . In these buffer zones, all businesses, as maintained by the Orange County and Chapel Hill-Carrboro Chambers of Commerce, were phone surveyed to determine AED accessibility. All variables were collected into a Microsoft Excel (2010, version 14.0, Redmond, WA) database. Data were analysed using standard descriptive statistics using Microsoft Excel. The two databases were compared to determine if there were AEDs nearby to OHCA but not utilised. The dates of the OHCA were compared to the date of AED installation (if available) at businesses to ensure temporal overlap. All PCRs involved in the overlap were reviewed to confirm PAD utilisation. Missed opportunities were defined as cases in which first responders applied an AED before EMS arrival when there was an AED unused by bystanders.
Results
During the study period there were 307 OHCAs in 282 locations. Of these, 219 (71%) occurred in private homes; 62 (20%) occurred in public locations. The remaining 26 (9%) occurred in nursing or assisted living facilities. At the time of the phone survey, an AED location was within 100 metres of an OHCA location in 22 arrests. Four of these locations either had AED installation after the arrest occurred or an unknown installation date and were therefore excluded. One arrest was witnessed by EMS and was excluded.
Of the remaining 17 arrests, 59% (10) had an AED applied by bystanders to the patient before EMS arrival. These successful community deployments of an AED were at healthcare facilities (7) , public pools (2) and at a senior community centre (1). There were seven confirmed (41%) public OHCAs in which an AED was nearby but was not utilised, constituting a missed opportunity for PAD deployment (Figure 3 ). In two out of seven missed opportunities, an AED was at the same location as the OHCA. Five out of the seven arrests were witnessed by family or bystanders. In the two unwitnessed arrests, the AED was not on location but within walking distance behind locked doors after business hours in a school and primary care doctor's office. Both of these arrests occurred on Sunday nights. Table 1 describes the 17 arrests in which a public AED was within 100 metres. Patient demographics and arrest characteristics are listed, as well as the EMS outcome of the arrest. Although the small sample size precludes formal analysis of these EMS outcomes, it is notable that return of spontaneous circulation was achieved in the field in only one of the seven cases of missed AED opportunity. In the seven of 17 cases in which return of spontaneous circulation was achieved in the field, bystander CPR was performed in all cases, and a bystander AED was utilised in six of the seven cases.
Discussion
This study sought to determine missed opportunities for PAD deployment and utilisation in OHCA. In a 5-year period in Orange County, we found 63% of public cardiac arrests did not have an AED within walking distance. When an AED was within walking distance of a public OHCA, it was not used 41% of the time. This was determined by mapping locations of OHCA and AED from collected databases. As this was a retrospective study, we could not adequately assess the reasoning for each missed opportunity, with the exception of two instances where an AED was behind a locked door after business hours.
We can speculate that the main reasons for underutilised deployment include lack of knowledge of PAD location and limited emergency training for lay public. Additionally, as the majority of public arrests did not have an AED within walking distance, we recommend that the guidelines for placement of PAD within high risk areas such as high density, schools, athletic facilities and religious institutions should be followed by leadership of these facilities. Private business should be encouraged to have PAD available 24/7 in case of an emergency. Overall, the missed opportunities underscore the need for greater integration of PAD programs into the local emergency response system and better advertising to the public where and how to access public AEDs. One specific barrier to this goal is that many states in the US do not require a registry of AEDs to be maintained, leading to many AEDs going unregistered (26) . Similarly, Rea and colleagues in 2011 found that an AED registry with EMS systems did improve PAD deployment, but found that over half of OHCAs had AEDs that were not registered (27) . Up-to-date and maintained registries of AEDs integrated with local EMS systems may improve PAD deployment in OHCA if the caller is notified of the AED location (26, 27) . Other possible solutions to this problem exist, such as smartphone applications ('apps') that alert people to nearby OHCAs and AEDs if they have voluntarily downloaded the app. This allows the crowdsourcing of PAD mapping. However, many of these applications require local emergency systems to pay annual licensing fees in order to allow lay rescuer notification. Thus, these systems are not ubiquitous, but have been implemented in some areas across the US (42) (43) (44) . This strategy requires significant public investment but is certainly a possible method to combat PAD underutilisation. The 2015 update on guidelines for CPR and emergency cardiovascular care by the American Heart Association stated that 'it may be reasonable for communities to incorporate social media technologies that summon rescuers who are in close proximity to a victim of suspected OHCA', citing a Swedish study that found significantly increased rates of bystander CPR with mobile phone dispatch programs (45) . Another strategy is for AED manufacturers to include built in beacon locators into their AEDs and create their own app for the public to locate this registry. There are many different makes and models of AEDs so this would require multiple manufacturers to coordinate. More research in lay rescuer notification is needed.
This study found that there was insufficient PAD coverage and accessibility, a topic that is widely discussed in the literature (20, 23, 33, 38, 46) . About one-third of public OHCAs in Orange County had AEDs available for use, consistent with Hansen's study of PAD in 2013 (25) . Other studies also show much lower numbers of PAD deployment, such as a 1.74% deployment rate in Hampshire (47) . According to Weisfeldt and colleagues, nearly 500 lives per year are saved with the use of bystander AEDs; however, could this number increase with better integration and notification of bystanders to where AEDs are located? (21) . Although the greater access to AEDs may lead to an increase in missed opportunities without adequate integration into the emergency response system, overall greater accessibility still provides positive outcomes (20) .
Lastly, the lack of AED accessibility to private residences is another topic highlighted by this study, as we found that 71% of OHCA occurred in private homes. The American Heart Association underscores the need for early defibrillation in the 'cardiac chain of survival', thus attempts at increasing the accessibility of AEDs to private households in the case of OHCA should be attempted. However, it is unclear if this is cost-effective compared to interventions such as life vests for at-risk patients. Often, the first attempt at defibrillation in private residences is from devices by first responders. Prolonged response times without defibrillation do not have good outcomes. This problem is especially exacerbated for OHCA occurring in rural communities (48) . Some agencies try to combat this by providing AEDs to law enforcement officials, but similar barriers to AED use exist with this method, such as prolonged response times (49) . Another intervention under investigation is 'ambulance drones' that deliver an AED to private residences (50) (51) (52) . There is a lack of literature surrounding the cost efficiency of 'ambulance drones', but perhaps the deployment of drones can improve AED deployment time in OHCAs, whether they occur in public or in private residences. This method can also be used for public OHCA in which there are no AEDs to utilise (53) . Barring other logistical considerations such as drone recovery and launch time, it is an intervention that should be explored.
Limitations
There are several limitations to this study. The use of retrospective data introduces imprecision in finding the exact location and address of OHCA and PAD. Also, one could argue that short EMS response times or an initial rhythm not amenable to defibrillation may not represent a truly missed need for a PAD program defibrillation. Nonetheless, our study attempted to identify times that a publicly available AED could have been prospectively considered for use, and was not. Additionally, our method does not consider vertical distances, which would add increased travel distance and time for a bystander to get to a nearby AED. Further study of vertical response and bystander AED usage is needed. Lastly, our study did not assess what the barriers were to PAD deployment or PAD utilisation by specific bystanders in the cases of missed opportunities. A better understanding of barriers to utilisation in this community would create an opportunity to make targeted interventions to increase future PAD utilisation.
Conclusion
This study found that there are missed opportunities for PAD deployment in OHCA. There is a need for better integration of PAD programs into local emergency response systems to enable fast and effective utilisation by public bystanders. With the increase in availability of PAD, underutilisation may be an unforeseen consequence. Further research into PAD underutilisation and ongoing education of the public are needed. More research in this domain should be done with attempts at reducing this discrepancy. Secondary findings of this study echo the current literature in the need for better education and access to AEDs in order to promote early defibrillation.
